Background: Several risk models target the issue of posttransplant survival, but none of them have been validated in a large European cohort. This aspect is important, in a time of the planned change of the Eurotransplant allocation system to a scoring system. Materials and Methods: Data of 761 heart transplant recipients from the Eurotransplant region with a total followup of 5027 patient-years were analyzed. We assessed 30-day to 10-year freedom from graft failure. Existing posttransplant mortality risk models, IMPACT, MELD-XI, and Columbia risk stratification score (RSS) were evaluated. A new risk model was created, using the variables from univariate and multivariate analysis: CABDES score (coronary artery disease, donor age, use of a biventricular assist device [BVAD], diabetes mellitus, estimated glomerular filtration rate [eGFR], sex). The predictive accuracy was compared with the existing risk scores, with a focus on LVAD patients.
INTRODUCTION
Organ allocation for heart transplantation is one of the most difficult procedures in modern cardiology. Several risk models target the issue of predicting posttransplant survival, the most widely used score systems being the Columbia risk stratification score (RSS) [Hong 2011 ] and the Index for Mortality Prediction After Cardiac Transplantation (IMPACT) [Weiss 2011 ]. RSS was introduced by Hong in 2011 after evaluating UNOS patient data from 2001 to 2007. Strongest predictors for 1-year graft failure were extracorporeal right ventricular assist device (ec RVAD), extracorporeal membrane oxygenation (ECMO), renal failure, extracorporeal left ventricular assist device (ec LVAD), total artificial heart (TAH), and advanced age. IMPACT was introduced by Weiss, also in 2011, and based on UNOS data from 1997 to 2008. Strongest negative predictors in the established model for 1-year graft failure were impaired renal function, congenital etiology of heart failure, mechanical ventilation prior to transplantation, temporary circulatory support, and continuous flow VADs (Jarvik [Jarvik Heart Inc], DeBakey VAD® [MicroMed Technology], VentrAssist [Ventracor] ) with the exception of HeartMate II® devices. In 2013, IMPACT was The Heart Surgery Forum #2018-2205 E528 validated by using the ISHLT data from 2001 to 2011 [Kilic 2013 ]. Of course this data is mainly driven by UNOS data, and data from the Eurotransplant region accounts only for approximately 15% of this data (ISHLT database, 2014 Jul 1 to 2015 Jun 30: 4333 heart transplants; Eurotransplant database, 2014: 634 heart transplants). In 2013, IMPACT was used by Smits et al [Smits 2013 ] to evaluate 189 patients who underwent heart transplantation in the Eurotransplant region, with a follow-up of 12 weeks. Another score used for survival after heart transplantation is MELD-XI. As shown in 2016 by Szygula et al in 87 patients, creatinine and bilirubin values were able to predict 1-year survival after heart transplantation [Szyguła-Jurkiewicz 2016] .
Because none of these scoring systems had been validated in a large, contemporary homogenous European cohort in a long-term approach, we conducted our analysis. This aspect seems of utmost importance, not only for preoperative patient selection in each transplant center, but also on a European level the reliable forecast of posttransplant survival and therefore allocation of donor organs efficiently, in a time of the planned switch of the Eurotransplant allocation system from a binary system (prioritized-high urgent [HU] status-versus nonprioritized-transplantable [T] status) to a scoring system (cardiac allocation score [CAS]) similar to the lung allocation score (LAS) for lung transplantation [Smits 2011 ].
MATERIALS AND METHODS

Study Population
The patient data for this retrospective single center study were provided by our institutional transplant registry. We analyzed the data of 761 patients aged 18 years and older having undergone orthotopic heart transplantation during the time period from 1996 to 2015. Exclusion criteria were simultaneous transplantation of heart and lung, cardiac retransplantation, and age under 18 years. Follow-up time was 5.9 years (range 0-19 years) with a total of 5027 patient-years. Our patient data was provided through 2016. For all patient characteristics the last documented follow-up available in our records was used. A specific vote of the ethics committee of the Charité -Universitätsmedizin Berlin for this project based on a retrospective analysis of data resulting solely from standard of care therapy within our center was not required. Collection and analysis of clinical data was performed according to the data protection act of Berlin.
Steroid and antibody therapy was used as the induction regimen. Afterwards the posttransplantation immunosuppressive regimen consisted of 3 drugs: mycophenolate mophetil, a calcineurin inhibitor (cyclosporine or tacrolimus), and prednisone. During the following course the regimen was further individualized, including treatment with everolimus, if indicated. Statins were used in all patients able to tolerate this therapy.
Risk Scores
First, we assessed 30-day, 1-year, 5-year, and 10-year freedom from graft failure and performed univariate and multivariate mortality risk analyses.
Second, we compared different risk models including IMPACT, MELD-XI, and RSS. IMPACT is a 50-point scoring system incorporating 12 recipient-specific variables [Weiss 2011 ]. MELD-XI is defined by the following formula: MELD-XI = 5.11 ln(bilirubin) + 11.76 ln(creatinine) + 9.44. Creatinine and total bilirubin were measured as milligram/ deciliter [Heuman 2007 ]. RSS analyzed pretransplant recipient and donor characteristics and predicted graft failure at 1 year [Hong 2011 ]. With our data, IMPACT was feasible for 732 (96.2%), MELD-XI for 729 (95.7%), and RSS for 669 (87.9%) patients of our cohort.
Third, we adjusted the risk models with different variables by using a multivariate logistic regression model to achieve an optimal predictive value. Therefrom we created a new risk score and compared predicted long-term freedom from graft failure to data provided by IMPACT, MELD-XI, and RSS.
Fourth, a further analysis was performed with a special 
Statistical Analysis
Continuous variables are presented as mean (standard deviation). For categorical variables, absolute and relative frequencies are given. Comparisons between groups are analyzed by Student t test or Wilcoxon test for continuous and χ 2 for categorical variables. Kaplan-Meier curves were calculated for all risk groups to evaluate the scores' ability to predict freedom from graft failure. Patients lost to follow-up or having been without graft failure after one year were censored.
As a measure for the discriminating ability, the area under the curve (AUC) for both scores was calculated.
For development of the new score, all relevant risk factors of IMPACT and RSS were used, and further variables were added. To take account of the long observation time of 20 years, the year of transplantation was also evaluated. Missing values in candidate risk variables were replaced by multiple imputations. Multivariate logistic regression was used to develop a model to predict 1-year graft failure.
We considered the preoperative risk factors that were statistically significant in univariate analysis for inclusion. Continuous variables were modeled by using cubic spline with 3 knots to account for nonlinear relationships. A backward selection procedure was employed, and bootstrap resampling procedure was used to study the stability of the stepwise selection model. The optimism of the selected model was calculated by using 1000 bootstrap samples to correct the C-statistic from over-optimism [Efron 1993 ]. For calibration, the Hosmer-Lemeshow test [Hosmer 1997 ] and Brier score [Brier 1950 ] were calculated. The odds ratios of the final logistic regression model were used to assign weights for each of these risk factors. The explanatory power of the final model was assessed by Akaike information criterion (AIC), likelihood ratio tests, and the AUC.
The result of the model procedure is also presented as a nomogram, which makes it possible to judge the relative importance of each predictor by the number of points attributed over the range of the predictor and also gives estimates of the probability of graft-failure-free 1-year survival.
The R statistical package, Hmisc, MASS, and rms libraries were used for analysis [R Core Team 2013] .
RESULTS
Descriptive characteristics of the patient cohort and univariate and multivariate analyses of risk factors are displayed in the Table. The mean age was 50 (range 18-70) years with 16% female patients.
Thirty-day, 1-year, 5-year, and 10-year rates of freedom from graft failure were 78.3% ± 1.5%, 68.8% ± 1.71%, 59.1% ± 1.8% and 44.1% ± 1.9%, respectively (see Figure 1 ).
The 1-year incidence of graft failure in accordance with the 5 RSS strata was 14.1%, 25.2%, 37.4%, 28.3%, and 50%.
The 1-year freedom from graft failure using a cutoff of 15 points in MELD-XI ranged from 57.4% (MELD-XI >15) to 75.1% (MELD-XI <15).
The 1-year incidence of graft failure stratified by 3-point increments of IMPACT showed incidence rates varying from 22.9% (0-2 points) to 57.1% (>15 points).
AUC was 0.59 (95% CI 0.54-0.64) for IMPACT, 0.60 (95% CI 0.55-0.65) for MELD-XI, and 0.62 (95% CI 0.57-0.66) for RSS. Long-term discrimination between the different risk strata for RSS, MELD-XI, IMPACT is shown in Figures 2-4 .
Multivariate analysis was used to adjust a new risk score (CABDES score). With the variables coronary artery disease, donor age, use of a biventricular assist device (BVAD), The Heart Surgery Forum #2018-2205 E530 diabetes mellitus, estimated glomerular filtration rate (eGFR), sex, the new score (CABDES score) was created. Additional information about 2 of the variables that were used is the following: BVAD as bridge to transplant therapy, pretransplant diabetes mellitus. Donor age and eGFR appeared to be strong predictors and were almost always (99% and 100%, respectively) selected when stepwise selection procedure was repeated in bootstrap samples. To calculate the predicted event-free 1-year survival, a normogram (see Figure  5 ) could be used. No further improvement was achieved after adding further variables which were significant in the univariate analysis.
Hosmer-Lemeshow test showed an adequate fit with P = .7, and Brier score was 0.189 (P < .001). With 1000 bootstrap replicates, the estimated optimism is 0.033, and the optimism-corrected C-statistic of 0.67 showed slightly improved discrimination compared to the other scores. Odds ratios for the variables used are displayed in the Table. The CABDES score showed an AUC of 0.69 (95% CI 0.64-0.72). It ranged from 0 to 11.4 (mean = 4.8), with a 41% increase in graft failure risk per unit risk score (odds ratio 1.41 (95% CI 1.30-1.53), P < .001). To predict risk of graft failure, 4 strata were used: 0-2.9 points, 3-4.9 points, 5-6.9 points, and >7 points, resulting in a 1-year incidence of graft failure of 12.4%, 22.6%, 34.9%, and 59.8%, respectively. Long-term discrimination between the strata is displayed in Figure 6 .
No lack of discrimination in the subset of patients with currently still-used LVADs (HeartMate II, HeartWare®) and a good stratification were seen with the new score (Figure 7) .
DISCUSSION
Adequate preoperative risk stratification is of great importance in all fields of surgery to achieve optimal postoperative survival. It is of utmost importance in the area of solid organ transplantation, with a shortage of resources (donor organs).
In contrast to our data and the current ISHLT data [Lund 2016 ], female sex was stated as a risk factor in IMPACT. Ischemic origin of heart failure was a relevant risk factor in our cohort, as it was in [Weiss 2011 ] and in the current ISHLT data although not in the RSS [Hong 2011 ]. Renal failure and older donor age are well-established risk factors [Hong 2011; Weiss 2011] and were the strongest predictors in our cohort. In contrast to various other risk scores (eg, STS score, EuroSCORE II) in cardiovascular medicine, diabetes mellitus is not mentioned as a risk factor in RSS and did not show significance in IMPACT (P = .08) [Hong 2011; Weiss 2011] , but was previously established as a risk factor [Higgins 2009 ] after heart transplantation (confirmed recently [Foroutan 2018]) , and was a relevant risk factor in our cohort. Other risk factors, such as IABP [Weiss 2011] , ECMO, or ventilation prior to transplantation [Hong 2011 ] did not show significance in our estimation, which might be influenced by the small numbers of these characteristics in our analysis. This is of course a limitation of a single-center trial; on the other hand this patient population unfortunately does not reflect the patient cohort currently receiving transplantation within the Eurotransplant area, because estimated waiting time exceeds the time span of these short-term interventions. LVAD did not place the patient at an additional risk for graft failure in our cohort. This is consistent with contemporary ISHLT data [Lund 2016 ] and a recently published metaanalysis [Foroutan 2018 ]. Older scoring systems place patients with LVAD support in a higher risk group, with this being one of the findings of the first 2 IMPACT publications [Weiss 2011; Kilic 2013] . When evaluated on a contemporary VAD cohort [Smits 2013] , IMPACT failed to predict survival. RSS was never evaluated in patients with contemporary VAD systems, which significantly limits the clinical benefit of this model, even more, with the ongoing development and increasing use of VADs for treatment of end-stage heart failure [Lund 2016 ]. In contemporary ISHLT data [Lund 2016 ], this subset counts for up to 41.3% with a relevant increase during the past decade. This has even more clinical implications in the advent of a changing allocation system. Scoring Figure 7 . Freedom from graft failure stratified by the 4 strata of the CABDES score for LVAD patients.1, low risk, 0-2.9 points; 2, intermediate risk, 3-4.9 points; 3, moderate risk, 5-6.9 points; 4, high risk, >6.9 points. Numbers immediately above the x-axis indicate patients at risk for each stratum. Figure 6 . Freedom from graft failure stratified by the 4 strata of the CAB-DES score. 1, low risk, 0-2.9 points; 2, intermediate risk, 3-4.9 points; 3, moderate risk, 5-6.9 points; 4, high risk, >6.9 points. Numbers immediately above the x-axis indicate patients at risk for each stratum. In our overall cohort, both scoring systems (IMPACT and RSS) were able to predict long-term graft failure only in the high-and low-risk cohorts. A completely different approach compared to complex scoring systems is the MELD-XI. With only 2 very easily assessed preoperative variables, it was possible to predict short-term survival in a small cohort [Szyguła-Jurkiewicz 2016] as well as short-and long-term freedom from graft failure in our cohort. AUC was comparable to both, IMPACT and RSS. In the clinically most relevant intermediate risk cohort, these scoring systems failed to predict graft failure. The variables that were used for our adjusted score (CABDES) predicted short-and long-term freedom from graft failure better, even in the intermediate cohort, and did not show a lack of discrimination in the important subset of LVAD patients, with consistency for contemporary devices (HeartMate II and HeartWare).
RSS and IMPACT were primarily evaluated with UNOS data. But, because there are relevant differences in listing modalities between different areas (eg, different prioritization models) and other short-and long-term treatment options with MCS are influenced by reimbursement and local availability, comparison between the USA and Eurotransplant is challenging [de By 2015; Kirklin 2017; Reineke 2017] .
Especially in LVAD patients, owing to different prioritization rules (LVAD patients are automatically given 1B status and are allowed a 30-day 1A period to avoid device complications in the USA compared with prioritization only if complications occur, in the Eurotransplant region) [Lund 2016 ], patient cohorts having received transplantations are completely different.
This might also be one rationale for the inconsistent literature [Hong 2011; Weiss 2011; Szyguła-Jurkiewicz 2016;  *DCMP, dilated cardiomyopathy; BVAD, biventricular assist device(s) including the following: EXCOR® (Berlin Heart), SynCardia CardioWest™; LVAD, left ventricular assist device(s) including the following: INCOR® (Berlin Heart), Jarvik 2000® (Jarvic Heart), Heartmate II (Thoratec Corp.), HeartWare, Novacor® (World Heart Inc.), DeBakey VAD® (MicroMed Technology Inc.); VAD, ventricular assist device; eGFR, estimated glomerular filtration rate.
†Univariate. ‡Multivariate. §Per hour. Foroutan 2018] for the posttransplant survival rates after extracorporeal BVAD support, which was a relevant risk factor for graft failure in our cohort. Because especially in these systems the complication rate is high [VanderPluym 2018 ] and therefore the longer support is necessary, the more likely relevant problems occur and influence longitudinal transplant survival.
CONCLUSION
In conclusion modeling and evaluation of a score that reflects the situation within the Eurotransplant region is essential.
Therefore, the presented parameters might be of additive value in the further evaluation process of the CAS.
STUDY LIMITATIONS
Like any retrospective review this study has limitations. It is a single-center cohort of selected patients, recruited and followed up in our center. Significance of less common etiologies and characteristics might be underestimated owing to small numbers. To overcome the disadvantage of modeling a score in a single-center cohort at least partially, we used bootstrap resampling to correct the C-statistic from over optimism [Efron 1993 ]. After correction, the AUC had to be adjusted only marginally (0.69 to 0.67). Because not all modeling effects can be considered in a bootstrap procedure, a further external validation with more recent patients and in other settings would be required.
